Here we present spin transport data acquired at liquidnitrogen temperature (77 K). First, we show linear spin transport at 77 K and compare it with that at room temperature. Then we present partial data on non-linear spin detection using non-magnetic detectors at 77 K. We start by characterizing spin transport in the linear regime at 77 K. The results in Fig. 1 show a nonlocal spin-valve effect, again demonstrating spin transport between Contacts 2 and 3. The spin resistance is a) e-mail: I.J.Vera.Marun@rug.nl ∆R 1 ≈ 5 Ω and shows a minimum close to the Dirac point. This result for ∆R 1 is similar to that at room temperature (shown in the main text) but ≈ 20 % larger. A larger ∆R 1 at 77 K can be understood from the analysis of Hanle spin precession curves (see Fig. 1c ) from where we extract spin relaxation lengths ≈ 60 % larger than at room temperature. The effect of larger values of λ at 77 K is slightly compensated in our sample by a lower contact spin polarization P = 7 %.
The gate voltage dependence of the spin relaxation length λ = √ τ D at 77 K (see Fig. 1d ) shows a minimum close to the Dirac point, similar to the data at room temperature. This behavior is a result of the gate voltage dependence of D and τ , where both parameters show a minimum close to the Dirac point and exhibit a linear scaling τ ∝ D, as shown in Fig. 2 . The latter is is indicative of the Elliot-Yafet mechanism of spin relaxation in single-layer graphene 1-3 being dominant both at room temperature and at 77 K.
Finally, in Fig. 3 we demonstrate non-linear detection of spins by using non-magnetic contacts at 77 K. Although our data at low temperature is limited, it shows a similar behavior of ∆R 2 as that at room temperature. The magnitude of ∆R 2 at both temperatures is similar within the experimental uncertainty, except for an almost 2 times higher value at V g = −10 V close to the Dirac point. The observation of similar results at room temperature and at 77 K are a confirmation of our interpretation of the non-linear spin-valve signal as solely arising from an interaction between spin and charge, which does not directly involve heat as in the case of spin thermoelectric 
SUPPLEMENTARY INFORMATION B
Here we discuss on the identification of contributions to the Dirac curve from graphene regions under and around the contacts and those away from the contacts. We also discuss on the nature of the contacts and their possible contributions to the non-linear spin signal.
In the main text we showed how the Dirac curve for graphene between the two Au detectors is composed of two distinct contributions. The main contribution corresponds to regions of the graphene channel located away from the contacts, with a Dirac point V D = −9 V. A minor contribution, visible as a kink in the hole regime 7 , corresponds to regions of graphene located under (and next to) the Au contacts with V D = −55 V (due to contact doping). We also observed similar kinks for the Dirac curves for graphene between the adjacent Co injector and Au detector, and for graphene between the two Co contacts used for spin injection (see Fig. 4a ). The kinks in the Dirac curves indicate that the Co contacts also dope the graphene channel but with a Dirac point close to V D = −20 V, different than for graphene around the Au contacts (V D = −55 V).
The resulting ∆R 2 for the model presented in the main text corresponds to the simple case of assumption that all contacts have the same effect on graphene, with V D = −55 V. In Fig. 4b we also show the result of incorporating in the model a different contribution from the Co contacts, with V D = −20 V. Notice this considera- tion does not have a significant effect on the modelled ∆R 2 . There are two reasons for this observation. First, the graphene regions modified by the presence of the Co contacts are not within the detector circuit. Therefore, charge potentials generated due to their α parameter have no influence on the signal detected between the Au contacts. Second, though the graphene regions under the Co contacts do have an influence on the ∆µ profile via their resistivity (Dirac curve), this influence is small because these regions are narrow compared to the full extent of graphene over which ∆µ decays. So the consideration of doping effects under the Co contacts is not critical for understanding the non-linear spin signal measured via the Au contacts.
A fundamental question is whether the contacts themselves contribute to the measured non-linear spin signal. This signal, generated via the non-linear interaction between spin and charge, relies on achieving a large enough ∆µ and having a sizable α parameter. Owing to the large conductivity of metals, the achieved spin accumulation within the Au and Co metals (≈ 1 µeV) 8 is much lower than in graphene. So we do not expect a sizable signal coming from the bulk of the metallic contacts.
The discussion above leaves us with the final possibility that the graphene-metal interface could produce a sizable signal. Spin thermoelectric effects have been observed in high-quality tunnel contacts 6 , as expected from the strong energy dependence of electron transmission through a tunnel barrier. To address this issue we have characterized the charge density and bias dependence of contact resistances in our device. From the results in 20 % with gate voltage, and have linear I − V characteristics (constant dV /dI within 10 % for the explored biasing currents). These contact characteristics have been previously observed on similar samples and were ascribed to transport dominated by relatively transparent regions in the oxide barrier 9 . In this case we do not expect that the interface would exhibit a sizable α parameter and its contribution to the non-linear spin signal would be negligible. We conclude the latter is applicable to our device, as we did not require to include this effect in our model in order to achieve a satisfactory description of the experimental data.
